ABSTRACT. Objective. To date, very few studies have been conducted on the neurodevelopmental wellbeing of children conceived through intracytoplasmic sperm injection (ICSI). The limitations of these studies often include a lack of comparison with a demographically matched, naturally conceived (NC) group and the investigation of only very young children, with relatively small samples sizes. One study showed that there were no differences in IQ scores among ICSI-conceived, in vitro fertilization (IVF)-conceived, and NC children at 5 years of age. Unfortunately, psychomotor development was not assessed in that study. Because findings regarding these children's cognitive and motor development are inconclusive, the aim of this study was to shed more light on the cognitive and motor development of 5-yearold ICSI-conceived children.
dren, compared with NC children. Additional research is needed to explore and verify this finding. Previous studies revealed that ICSI children, in comparison with NC children, more frequently obtained scores below 1 SD from the mean on 3 subtests of the Performance Scale (object assembly, block design, and mazes) or showed a trend of 5.2% of ICSI children, compared with 2.5% of IVF children and 0.9% of NC children, obtaining a score below 1 SD from the mean, but those findings were not confirmed in this study. Here no differences were found among the 3 groups in the numbers of children scoring below 1 SD from the mean on the VIQ, PIQ, and FSIQ tests and the Verbal and Performance Scale subtests. Motor development results were somewhat more conclusive. There were no differences between the scores of ICSI, IVF, and NC children on the MCSA Motor Scale. No interaction effects were found between mode of conception and demographic variables, indicating that these results are not influenced by gender, nationality, maternal educational level, or maternal age at the time of the birth. I ntracytoplasmic sperm injection (ICSI) has been used for more than a decade as a treatment for male infertility. Developed in 1992 1 at the Centre for Reproductive Medicine, Vrije University Brussels (Brussels, Belgium), it is now used in fertility centers throughout the world. Concerns have been raised about the developmental outcomes of ICSI offspring, because of the bypassing of natural sperm-selection barriers 2 that this technique entails. The use of suboptimal spermatozoa in ICSI may be associated with a higher incidence of genomic abnormalities, with possible implications for the children's psychologic development. 3 To date, very few studies have been conducted on the neurodevelopmental well-being of children conceived with ICSI. The limitations of these studies often include a lack of comparison with a demographically matched, naturally conceived (NC) group and the investigation of only very young children, with relatively small sample sizes.
Findings regarding the cognitive and motor development of ICSI-conceived children are inconclusive. 4 Although it appears there are no major delays in either motor or mental development, 5 a larger, concerted, prospective study of many institutions must be undertaken to identify potential minor abnormalities. However, 3 important studies on mental development were conducted in which children conceived by ICSI and in vitro fertilization (IVF) were compared with NC control subjects. One study compared 89 ICSI children with 84 IVF children and 80 NC children, with the Bayley Scales of Infant Development. 6 The ICSI infants demonstrated a lower mean Bayley Mental Development Index score, compared with both IVF and NC children (96 Ϯ 11, 102 Ϯ 9, and 103 Ϯ 8, respectively). Furthermore, 17% of the ICSI children showed a mild or significant delay in mental development at 1 year of age (Mental Development Index score of Ͻ85), compared with only 2% of the children conceived through IVF and 1% of the NC children. The Psychomotor Development Index showed no differences. The same children were evaluated at 5 years of age, 7 by examiners blinded with respect to the mode of conception and with matching for demographic factors. No differences were found in IQ scores between ICSI, IVF, and NC children, and there were no differences in the numbers of children with developmental delays. Unfortunately, psychomotor development was not reassessed in that study. In another controlled study, conducted in Belgium, 8 the Bayley Scales were administered to 201 ICSI children 2 years of age, and no delays in mental development were identified. In the United Kingdom, similar findings were reported when the Griffiths Scales were used to compare 1-to 2-year-old singleton ICSI children with a control group of NC children. 9, 10 Because findings regarding these children's cognitive and motor development are inconclusive, the aim of this study was to shed more light on the cognitive and motor development of 5-yearold ICSI children.
METHODS

Participants
Children were recruited from 5 different centers in 5 different European countries, ie, Belgium, Denmark, Greece, Sweden, and the United Kingdom. These centers were chosen because of their prominence in the field of assisted reproductive therapies on the European continent. A total of 541 ICSI-conceived children, 440 IVF-conceived children, and 549 NC control children underwent psychologic assessments when they were 4.5 to 5.5 years of age. According to center size, the aim was to recruit equal-sized groups of ICSI, IVF, and NC children, with 175 children per group in Britain and Belgium, 66 children per group in Denmark and Sweden, and 50 children per group in Greece. When targets were not met, additional centers in Flanders and the United Kingdom were contacted. The children were eligible if they were singleton, white, born after Ն32 weeks of gestation, and first or second born, with a native language of English, Dutch, Danish, Swedish, or Greek, respectively. NC control subjects were selected according to the aforementioned criteria and were also matched with respect to maternal education, parental socioeconomic status, gender, and birth order. For the assisted reproductive technology (ART)-conceived group in the United Kingdom, the ICSI children were recruited from a cohort that represented 90% of all children born after ICSI, from 22 of 32 centers that were initially performing ICSI in the United Kingdom. Initial assessment of the children started at 18 months of age. Therefore, these children were recruited from an established cohort. The IVF children were recruited from 5 clinics in the United Kingdom that had established collaborations with the main recruitment center after the initial assessment of ICSI children at 18 months. These IVF children were recruited at age 5 and had not been evaluated previously. The NC children were partly children who had been evaluated in the established cohort and partly newly recruited children from schools in the
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ICSI-CONCEIVED CHILDREN AT AGE 5 by guest on November 7, 2016 Downloaded from United Kingdom. In summary, the ICSI-conceived children were evaluated at 18 months; the NC children were mainly seen at 18 months but the IVF children were recruited new at 5 years of age. In Belgium, the majority of the ICSI and IVF children were selected from established cohorts on the basis of consecutive pregnancies in their respective centers, namely, at the time of IVF cycles. The ICSI-and IVF-conceived children participating in this study had been assessed at 2 years of age. To meet the recruitment targets, 5 other centers in Flanders were contacted. ICSI and IVF children recruited from these centers were selected at age 5, like the NC children who were recruited in schools at the same age. In Belgium, 5-year-old children go to nursery schools, which are accessible for all children, ie, normally developing children and mentally delayed children. There are a very few special nursery schools specifically for extremely mentally retarded children or children with specific disabilities, such as visual impairment. ICSI, IVF, and NC children attended mainstream nursery schools. In Sweden, the ART-conceived groups were recruited from complete cohorts of ICSI and IVF children, from registries of deliveries for 2 clinics. The NC control group was selected at birth from the Swedish medical birth registry. Therefore, all children were selected at the time of birth but were not approached until 5 years of age. In Denmark, most ICSI children were recruited from 1 clinic but additional children were recruited from 3 other clinics. Children in all 3 groups (ICSI, IVF, and NC) were recruited from the participating hospital's birth registry. The ICSI and IVF groups consisted of cohorts of children whose mothers had been treated at a fertility clinic. NC control children were selected on the basis of where their mothers gave birth, namely, at the major recruitment center. All children were selected at birth. In Greece, the IVF comparison group was recruited from participating fertility clinics, matched, and assessed in a similar manner as the ICSI-conceived children. Because of the small sample sizes and unequal distribution among groups (ICSI: 26 children; IVF: 13 children; NC: 50 children), data from Greece were not included in the statistical analyses.
Participation Rates
In the United Kingdom, 90% of the ICSI cohort assessed at 18 months of age participated (189 of 201 children). 10 Because of ethical restrictions, it was not possible to ascertain response rates for the IVF group and part of the NC group. The NC group had a 50% response rate among the children who were recruited from those seen at 18 months of age. The response rate for the children who were recruited new from schools in the United Kingdom was not known. In Belgium, 45% of eligible children in the ICSI and IVF groups participated and 54% of the children in the NC group who were contacted responded. In Sweden, 96% of ICSI children, 96% of IVF children, and 78% of NC children who were contacted participated. In Denmark, 68% of ICSI children, 56% of IVF children, and 34% of NC children who were contacted participated. In Greece, 25% of ICSI children, 25% of IVF children, and 100% of NC children who were contacted participated. In all countries, the ICSI-conceived children represented consecutive births.
Precautions Against Selection Bias
Because of differing national laws and quality of child health records, strategies for the recruitment of control and comparison groups differed from country to country. In general, strictly applied inclusion criteria, matching for social background, use of standardized test instruments (with an official translated version in every language at each participating center), comparability of training and qualification experience for all examiners, additional training of the examiners (either within the center or together with another team in the United Kingdom) regarding how to assess the children to ensure a uniform protocol, and participation in regular study group meetings during the study period were the precautions taken against selection and interobserver biases. More specifically, there was a very high response rate among the ICSI cohorts in the United Kingdom. This rules out any likely effect from response bias because the rate was 90%. For the IVF and NC groups, there is less confidence regarding response bias but, because of the ethical situation in the United Kingdom, it was not possible to determine details on families who decided not to reply. The schools from which the children were recruited were standard state schools and did not include children who were educationally subnormal. In the United Kingdom, only 1 psychologist, who was blinded with respect to the conception status of all 3 groups, assessed all of the children. Therefore, there was no possibility of intraobserver error being a problem. In Belgium, several psychologists, working closely together, assessed the children. All examiners were evenly involved in the assessments and examined children of all 3 groups, thereby excluding interobserver and intraobserver biases. The psychologists were partially blinded regarding what ART procedure was involved. Because the control group was assessed in schools, blinding for this group was not possible. The ICSI, IVF, and NC children attended mainstream nursery schools and therefore had the same school experience. In Sweden, the 3 groups were selected at birth and all testing was blinded; midwives recruited the patients and sent the names and addresses to the examiners, who were blinded with respect to the mode of conception of the children unless the parents revealed it to them, despite the fact that the parents were told not to give this information. In Denmark, 1 psychologist assessed all children until the last 3 months of the study. During the last 3 months, another examiner, working under her supervision, replaced the original psychologist. Test administration took place at the same location for children of all 3 groups. The 2 psychologists were blinded with respect to the mode of conception. The different recruitment strategies used for each group and country might have introduced some selection bias. The ideal situation would have been to have a national birth registry in each country. In the absence of such a resource, the control groups recruited in Belgium and the United Kingdom might have been biased toward children and parents with few problems or, alternatively, those with many problems who wished to share them with a psychologist.
Procedure
Children's cognitive and motor development was assessed with the Wechsler Preschool and Primary Scale of IntelligenceRevised (WPPSI-R) 11 and the McCarthy Scales of Children's Abilities (MSCA) (Motor Scale), 12 respectively. Two additional items were administered to gather more information on hand preference. All children were individually assessed by a psychologist.
Children were also presented with a procedure designed to evaluate their perceptions of their family members with the Family Relation Test. 13 Parents were asked to fill out a number of questionnaires measuring parental mental health, family functioning, and the child's socioemotional development. 14 In addition to a psychologic examination, a pediatric examination was conducted.
Outcome Measures
The WPPSI-R The WPPSI-R is an individually administered, clinical instrument for assessing the intelligence of children of age 3 years to 7 years 3 months. The WPPSI-R provides standardized measures of a variety of abilities reflecting different aspects of intelligence. It consists of 2 major scales, ie, Verbal and Performance, each including 6 subtests. The 6 Performance Scale subtests are object assembly, geometric design, block design, mazes, picture completion, and animal pegs. The 6 Verbal Scale subtests are information, comprehension, arithmetic, vocabulary, similarities, and sentences. Scores on the Performance and Verbal Scale subtests are summed to yield the performance IQ (PIQ) and the verbal IQ (VIQ), respectively. Scores on both the Performance Scale and the Verbal Scale yield the full-scale IQ (FSIQ). 11 IQ scales have a mean score of 100 and a SD of 15. Each subtest has a mean score of 10 and a SD of 3.
The MSCA Motor Scale
The MSCA is appropriate for children from 2.5 through 8.5 years of age. The MSCA consists of 6 scales, ie, Verbal, PerceptualPerformance, Quantitative, General Cognitive, Memory, and Motor. In this study, only the Motor Scale was administered. This scale assesses the child's coordination during performance of a variety of gross-and fine-motor tasks. Leg coordination, arm coordination, and imitative action tests provide measures of grossmotor ability. Draw-a-design and draw-a-child assess fine-motor coordination, as revealed by the levels of hand coordination and finger dexterity. The mean score for this test is 50, with a SD of 10.
Observations of Hand and Eye Preference With the MSCA Motor Scale
Several items of the Motor Scale were also used to assess selected aspects of laterality. Four observations of hand dominance are made during the administration of the Motor Scale. The examiner notes the hand the child uses for bouncing a ball, catching a beanbag, throwing a beanbag, and drawing. The child then may be classified as "hand dominance established" (right-or left-handed) or "hand dominance not established." The child's eye preference is noted as sight through a tube. In addition, 2 items, namely, "comb your hair" and "pretend to eat with this spoon," were administered. The examiner noted which hand was used to perform both of these actions.
Statistical Analyses
The WPPSI-R and the MSCA Motor Scale are standardized tests with established psychometric (reliability and validity) properties. 11, 12 FSIQ, PIQ, and VIQ scores obtained with the WIPPSI-R and MSCA Motor Scale scores were considered as dependent variables with an interval-measurement scale. With SPSS software (version 11; SPSS, Chicago, IL), 3-way analyses of variance were conducted with interval data obtained with the WPSSI-R and the MCSA Motor Scale and the following independent variables: mode of conception, country, gender, educational level of the mother, and age of the mother at the time of the birth. Dichotomous variables such as hand and eye dominance and use of the spoon and comb were analyzed with 2 tests. A significance level of 5% (2-tailed) was accepted throughout.
Role of the Funding Source
The protocol was approved by the ethics committee of each institution, in accordance with national regulations in each country. The European Union 5th Framework Quality of Life Program financed this project; the funding source had no responsibility for the study design or the interpretation of data.
RESULTS
Demographic Features
Data for a total of 511 ICSI-conceived children, 424 IVF-conceived children, and 488 NC children were analyzed. The average ages at testing were similar for the groups (ICSI: 5.05 years; IVF: 5.02 years; NC: 5.06 years; range: 4.20 -6.40 years). All 3 groups included equal numbers of boys and girls, but there were significantly fewer firstborn children in the NC control group ( 2 ϭ 28.01, P Ͻ .001).
There were significant differences between the conception groups with respect to maternal and paternal age. Parents of ICSI and IVF children were significantly older than parents of NC children but were similar to each other [ 15 Then parental education was categorized into 3 levels, high (college graduate), medium (attended college or is a high school graduate), and low (passed only part of high school or less). Mothers (n ϭ 318) and fathers (n ϭ 379) with high educational levels had obtained a postgraduate degree or a graduate degree. Mothers (n ϭ 687) and fathers (n ϭ 577) with medium educational levels had entered a university or had passed school matriculation fully. Mothers (n ϭ 315) and fathers (n ϭ 360) with low educational levels had passed school matriculation partially or had no qualification at all.
More mothers in the control group had high levels of education and fewer had low educational levels ( 2 ϭ 28.88, P Ͻ .001). No significant differences were found in educational levels among the fathers in the ICSI, IVF, and NC groups. Maternal occupation and paternal occupation, defined with the Classification of Occupations, 16 were not associated with conception group.
Cognitive Development
No differences were identified among ICSI, IVF, and NC children with respect to WPPSI-R VIQ, PIQ, and FSIQ scores (Table 1) . Furthermore, there were no differences among groups regarding the discrepancy between VIQ and PIQ scores. These results were not influenced by gender, country, or educational level. However, interaction effects were observed for age of the mother at the time of the birth and VIQ and FSIQ scores. Firstborn children in the ICSI and IVF groups with mothers between 33 and 45 years of age demonstrated lower VIQ and FSIQ scores, compared with their NC counterparts [F(2,1101) ϭ 3.36, P Ͻ .05, and F(2,1101) ϭ 3.53, P Ͻ .05, respectively].
Verbal Scale Subtests
A 3-way analysis of variance with mode of conception, gender, and country as independent variables revealed a conception mode-country effect on the Verbal Scale subtest arithmetic. In Denmark, ICSI children scored significantly lower than children in the IVF and NC groups [F(6,1355) ϭ 2.13, P ϭ .048]. ICSI and IVF boys obtained lower scores on the vocabulary subtest, in comparison with NC boys and ICSI-conceived, IVFconceived, and NC girls [F(2,1360) ϭ 3.53, P ϭ .029].
An interaction effect between mode of conception and educational level of the mother was found, showing that IVF children of mothers with high educational levels scored significantly higher on the 11 NS * Three-way analysis of variance (conception mode ϫ country ϫ gender and conception mode ϫ educational level ϫ age of the mother at the time of the birth). NS indicates nonsignificant (P Ͼ .05). † Significant conception mode-age of the mother at the time of the birth interaction effect.
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ICSI-CONCEIVED CHILDREN AT AGE 5vocabulary subtest than did ICSI and NC children of mothers with similar educational levels [F(4,1095) ϭ 3.76, P Ͻ .05]. For the comprehension subtest, the age of the mother at the time of the birth influenced children's scores. In the NC group, scores for the comprehension subtest increased when the mother had her child at an older age (33-45 years); in the ICSI and IVF groups, the opposite was true [F(2,1092) ϭ 5.96, P Ͻ .05] ( Table 2) .
Performance Scale Subtests
A significant conception mode-country effect was found, indicating that in Belgium NC children scored higher on the block design subtest, whereas in Denmark the opposite was true [F(6,1355) ϭ 4.00, P ϭ .001]. Also, for the block design subtest, NC children with low-educated mothers scored higher than ICSI and IVF children with equally low-educated mothers, whereas ICSI children with mothers with medium levels of education scored better than IVF and NC children with medium-educated mothers [F(4,1096) ϭ 3.33, P ϭ Ͻ .05]. For the object assembly subtest, the educational level of the mother and the conception mode interacted, with NC children of highly educated mothers scoring lower on this subtest, in comparison with ICSI and IVF children [F(4,1098) ϭ 2.39, P Ͻ .05]. For this subtest, another interaction effect was revealed between conception mode and age of the mother at the time of the birth. In the NC group, the scores of children of mothers who gave birth at older ages (33-45 years) were significantly higher than the scores of children of young mothers (19 -32 years), in contrast to the scores of children in the IVF group [F(2,1100) ϭ 3.00, P ϭ .05]. In the animal pegs subtest, a conception mode-gender-country interaction was revealed. NC boys in Denmark obtained higher scores than did ICSI boys, whereas Belgian IVF girls scored better than ICSI girls (Table 3) .
Marked Developmental Delay
There were no conception group differences in the extent to which children showed marked developmental delay, defined as scoring below 1 SD from the mean on VIQ, PIQ, or FSIQ tests or Verbal and Performance Scale subtests (Table 4) . Discrepancies of Ն12 points between VIQ and PIQ scores might be indicative of learning disabilities. No difference was found in the number of children in the ICSI, IVF, and NC groups with a discrepancy of Ն12 points between VIQ and PIQ scores [ 2 (4) ϭ 3.08, not significant].
Motor Development
No significant differences were found between ICSI, IVF, and NC childrenЈs average scores on the MCSA Motor Scale. Motor development was not influenced by the educational level of the mother, the age of the mother at the time of the birth, gender, or country. Also, no differences were found in the proportions of children in the 3 conception groups scoring below 1 SD from the mean on the Motor Scale (score of Ͻ40) (Table 4) . When hand dominance and eye dominance were examined, there were no differences among groups [ 2 (6) ϭ 6.67, not significant, and 2 (4) ϭ 5.97, not significant, respectively]. This finding was confirmed by the results of complementary assessments in which the children had to demonstrate how they handled a spoon and a comb [ 2 (4) ϭ 1.68, not significant, and 2 (4) ϭ 1.77, not significant, respectively].
DISCUSSION
This study includes a substantial number of 5-year-old children assessed for cognitive and motor development in 4 European countries. No differences were identified between ICSI, IVF, and NC children on the VIQ, PIQ, or FSIQ scores of the WPPSI-R. Furthermore, there were no differences between groups regarding the discrepancy between VIQ and PIQ scores. These results were not influenced by gender, country, or maternal educational level. However, in the subgroup of firstborn children with mothers who gave birth at an older age (33-45 years), NC children obtained significantly better VIQ and FSIQ scores than did children born after ART. These differences in VIQ and FSIQ scores between ICSI/IVF children and NC children are relative, because NC children scored Ͻ1 IQ point higher than the ICSI/IVF children. Therefore, these scores show no clinical relevance.
For the Verbal Scale subtests, variables such as age of the mother at the time of the birth, educational level of the mother, and gender and nationality of the children interacted with the mode of conception, resulting in clinically irrelevant differences between * Three-way analysis of variance (conception mode ϫ country ϫ gender and conception mode ϫ educational level ϫ age of the mother at the time of the birth). NS indicates nonsignificant (P Ͼ .05). † Significant conception mode-age of the mother at the time of the birth interaction effect. ‡ Significant conception mode-country interaction effect. § Significant conception mode-gender interaction effect and conception mode-educational level of the mother interaction effect.
scores of the ICSI/IVF and NC groups on the arithmetic, vocabulary, and comprehension subtests. For the Performance Scale subtests, the same demographic factors interacted with the mode of conception for the block design, object assembly, and animal pegs subtests, again resulting in clinically irrelevant differences between groups. However, the aforementioned interaction effects could indicate that demographic variables such as maternal age at the time of the birth and maternal educational level play different roles in cognitive development of IVF and ICSI children, compared with NC children. Additional research is needed to explore and verify this finding. In general, the few controlled studies of mental and/or motor development of ICSI-conceived children at the age of 5 provided similar results. 6, 7 One study 7 revealed no significant differences in WPPSI-R VIQ, PIQ, and FSIQ scores. Moreover, the mean results for all 3 IQ scales were in the normal range for all 3 groups, and no between-group differences were found for any of the scales. As in previous studies of the psychologic development of 5-year-old ICSI children, 7,17 the number of children in each group who scored below 1 SD from the mean on the main scale and subscales (Verbal and Performance) of the WPPSI-R were compared. Those studies indicated that ICSI children, in comparison with NC children, more frequently obtained scores below 1 SD from the mean on 3 subtests of the Performance Scale (object assembly, block design, and mazes subtests) 17 or showed a trend (P ϭ .19) of 5.2% of ICSI children, compared with 2.5% of IVF children and 0.9% of NC children, obtaining scores below 1 SD from the mean, 7 but those findings were not confirmed in this study. Here no differences were found among the 3 groups in the numbers of children who scored below 1 SD from the mean on the VIQ, PIQ, and FSIQ tests and Verbal and Performance Scale subtests. Results regarding motor development were somewhat more conclusive. There were no differences in the MCSA Motor Scale scores for ICSI, IVF, and NC children. No interaction effects were found between the mode of conception and demographic variables, indicating that these results were not influenced by gender, nationality, maternal educational level, or maternal age at the time of the birth. Furthermore, there were equal proportions of children in all 3 groups who scored below 1 SD from the mean.
The results of this study are reassuring for parents who have conceived through ICSI (or IVF). The findings indicate that the motor and cognitive development of their offspring is very similar to that of NC children. However, demographic factors such as maternal educational level and maternal age at the time of the birth might play different roles in the cognitive * Three-way analysis of variance (conception mode ϫ country ϫ gender and conception mode ϫ educational level ϫ age of the mother at the time of the birth). NS indicates nonsignificant (P Ͼ .05). † Significant conception mode-educational level of the mother interaction effect and conception mode-age of the mother at the time of the birth interaction effect. ‡ Significant conception mode-country interaction effect and conception mode-educational level of the mother interaction effect. § Significant conception mode-country-gender interaction effect. 
